The aim of this study was to assess the prognostic value of pretreatment clinical and laboratory parameters in refractory or relapsed multiple myeloma (MM) patients who have a long-term response to thalidomide (THAL), lasting at least 18 months. The study was carried out on 234 patients who received THAL for relapsed/refractory myeloma. Out of the 234 patients, 129 patients (55.1%) responded to THAL with a mean response duration of 11.9 months (ranging from 1 to 48) and an overall survival rate of 20.3 months (ranging 1 -55 months). In 64 patients (27.4% of the whole group), the response to THAL lasted X18 months with a mean response lasting 24 months. Statistical analysis of the group of nonresponders and patients with long-term response to THAL showed a significantly higher serum albumin level (P ¼ 0.0003) and haemoglobin level (P ¼ 0.05), as well as a lower b2 microglobulin (b2M) (P ¼ 0.022), LDH (P ¼ 0.045) serum level in patients with long-term response. In this study, the LDH and serum albumin level were predictors for response to THAL therapy. The b2M serum level was not a predictor for response to THAL. The albumin serum level was the best parameter distinguishing the group of patients with long-term response to THAL from the entire responding group (P ¼ 0.02).
Multiple myeloma (MM) is a plasma cell malignancy characterised by the accumulation of long-lasting plasma cells in the bone marrow and/or extramedullar sites. Conventional chemotherapy produces an overall response rate of 40 -60% with a median survival of about 3.5 years. Aggressive, high-dose chemotherapy, bone marrow transplantation and intensive supportive care allowed for an increase in survival of up to 4 -6 years. However, patients with primary resistant disease and those who relapse after a response have a median survival duration of 15 and 12 months, respectively. The disease still remains incurable and almost all patients eventually relapse and become resistant to cytostatics. New treatments have recently been developed to overcome drug resistance, which target the MM cell, the MM cell -host interaction and the bone marrow (BM) microenvironment. Thalidomide (THAL) and its immunomodulatory derivatives are examples of such agents that target the tumour cell in its BM milieu, and which make possible responses even in refractory or relapsed MM. THAL, used as a sedative drug in the 1960s, was withdrawn from clinical use because of its severe teratogenicity but has been reintroduced because of its immunomodulating and antiangiogenic properties (Rajkumar and Witzig, 2000) . The exact mechanism of THAL action on MM is still unclear. Some postulated effects of THAL are: the inhibition of proangiogenic cytokines, such as vascular endothelial growth factor (VEGF), basic fibroblastic growth factor (bFGF) (Dmoszynska et al, 2000; Kyle and Rajkumar, 2001 ) and the downregulation of the secretion of proinflammatory cytokines such as interleukin-6 (IL-6), tumor necrosis factor (TNF) (Moreira et al, 1993; Turk et al, 1996) ; upregulation of adhesion molecules (Geitz et al, 1996) and the stimulation of cytotoxic T-cell proliferation and the secretion of interferon-g and interleukin-2 (Haslett et al, 1998) . First reports concerning the application of THAL in MM were published in 1999 by Singhal et al (1999) . Since then, the efficacy of THAL in refractory or relapsed MM patients was confirmed by many other authors (Juliusson et al, 2000; Kneller et al, 2000; Barlogie et al, 2001a,b; Hus et al, 2001; Kumar et al, 2003) with a response rate ranging from 32 to 64%. However, many questions, such as that of the optimal dose, duration of therapy and the factors predicting response to THAL treatment are still only partially answered.
The aim of this study was to assess the prognostic value of pretreatment clinical and laboratory parameters in refractory or relapsed MM patients with a long-term response to THAL, lasting at least 18 months.
MATERIALS AND METHODS

Patients
The study group comprised 234 patients (117 women and 117 men) with an average age at 59.6 years (ranging from 19 to 87 years) who received THAL for relapsed or refractory myeloma in eight Polish centres between March 1999 and October 2003. All patients signed an informed consent approved by the Local Ethics Committee and in agreement with STEPS (the System for Thalidomide Education and Prescribing Safety Programme). Thalidomide was supplied in 100 mg tablets by Gruenenthal GmbH (Aachen, Germany). The dosage was started at 200 mg daily, and increased as tolerated by 100 mg every week to a final dose of 400 mg daily after 3 weeks.
After reports concerning the synergy between THAL and dexamethasone (Dex) were published, Dex was added to THAL for newly included patients in a dose of 40 mg daily, divided into two doses for 4 days per month and 78 patients were treated with this protocol. There was no prior THAL monotherapy in this group.There were no statistical differences in the clinical and laboratory parameters among those patients on THAL monotherapy and those on the combated treatment.
The treatment was continued until either the disease progressed or adverse reactions X grade 3 according to WHO occured.
The pretreatment and monthly follow-up evaluation included a full blood count, renal and liver function tests: the serum levels of immunoglobulins, b2-microglobulin (b2M), lactate dehydrogenase, C-reactive protein and Bence -Jones protein in urine; serum protein electrophoresis and serum and urine light chains. There was also a monthly neurological examination.
The response to the treatment was evaluated every 4 weeks in the first 6 -8 months of therapy. The criteria of complete remission were total disappearance of the serum monoclonal protein and/or a 90% decrease in the baseline value of the 24-h urinary excretion of light chain protein as well o 5% plasma cells in the bone marrow biopsy, normalisation of haemoglobin, albumin and calcium levels. Partial response was defined as a 50% or greater reduction in the pretreatment value of the M-protein in serum and urine and normalisation of serum calcium. Minor response was defined as a reduction between 25 and 50% of the pretreatment Mprotein value. An increase of the M-protein concentration by 25% in relation to the lowest value found during the treatment, an increase in 24-hour urinary Bence -Jones protein excretion to more than 2.0 g day À1 and reappearance of the M-component in serum or urine were described as progression during the THAL therapy.
Patients were divided into three groups according to the response to THAL treatment: patients with no response (group A), patients with a response lasting between 3 and 18 months (group B) and patients with a long-term response, X 18 months (group C). The characteristics of the patient groups are presented in Table 1 .
An analysis of pretreatment parameters distinguishing patients with a long-term response to THAL (group C) from the other patient groups (B and C) was performed.
Toxicity and adverse events occurring during THAL therapy were evaluated according to the WHO grading system. The occurrence of grade X2 WHO toxicity prompted a THAL dose reduction, whereas drug administration was to be stopped in case of X3 WHO toxicity. LCD ¼ light chain disease; NS ¼ nonsecretory.
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Statistical analysis
The statistical significance of the differences observed between the three patient groups was determined by using the U MannWhitney and Spearman test. The effect was considered as statistically significant if the P-value of its corresponding test statistic was p0.05.
RESULTS
Out of 234 patients, 129 patients (55.1%) responded to THAL treatment with a mean response duration of 11.9 months (ranging from 1 to 48) and an overall survival rate of 20.3 months (range 1 -55). In 64 patients (27.4% of the whole group), the response to THAL lasted X18 months (group C) with a mean response lasting 24 months. In 105 patients (44.9%), there was no response (group A), while in 65 patients, the response lasted more than 3 months but less than 18 months (group B). The overall survival (OS) and event-free survival (EFS) rate in group A was 13.6 months (ranging from 1 to 38) and 4.2 months (1 -15), respectively. Overall survival and EFS in group B was 22.7 months (range 7 -54) and 11.37 months (3 -24), respectively. The OS and EFS in group C was 29.1 months (ranging from 18 to 55) and 24 months ranging from (18 -48). Differences in the OS and EFS were statistically significant ( Figures 1 and 2 ).
In the entire patient group, the response rate to the combined treatment was slightly higher in patients receiving the THAL þ Dex treatment than in patients on THAL monotherapy (59.3 vs 55.1%). However, the number of patients on the combined treatment or on THAL alone was similar in all three patient groups.
None of the estimated clinical parameters seemed to influence the duration of response to THAL therapy. The distribution of sex, the number of chemotherapy lines and cycles, number of refractory and relapsed patients, as well as the number of patients with prior autologous peripheral blood stem cell auto (autoPBSCT) was similar in the three groups of patients (Table 1) .
Comparing the pretreatment laboratory parameters in patients responding to THAL and those not responding, statistically significant differences were found in the albumin serum levels (P ¼ 0.002) (Figure 3 ), LDH (P ¼ 0.025) (Figure 4 ) and the WBC count (P ¼ 0.049).
Statistical analysis of patients from groups A and C showed significantly higher serum levels of albumin (P ¼ 0.0003) and haemoglobin (P ¼ 0.05), as well as a lower level of b2M (P ¼ 0.022); and a decreased LDH serum activity (P ¼ 0.045) and WBC count (P ¼ 0.044) in group C (Table 1) .
The only one significant difference between patient groups responding to THAL longer (group C) or shorter than 18 months (group B) was the higher pretreatment serum albumin level in group C (P ¼ 0.024) ( Table 1 ).
An analysis of clinical and laboratory parameters and of the survival of patients in group C showed a statistically significant, negative correlation between the LDH serum level and the OS ( Figure 5 ).
The serum albumin concentration was the only one parameter predicting a long-term response to THAL therapy. Moreover, a multivariate analysis showed that both the OS and EFS in the entire group of MM patients were influenced by a serum albumin level o35g l À1 (Tukey's test, P ¼ 0.009; P ¼ 0.003; respectively). In (Figures 6 and 7) .
The adverse events connected with THAL therapy are listed in Table 2 . Constipation, somnolence and fatigue were observed in three-quarters of patients during THAL treatment. There were no significant differences between the frequency of the occurrence of adverse events in groups B and C. Seven patients (group B), developed polineuropathy (grade 3 according to WHO) resulting in the withdrawal of THAL treatment. Other adverse reactions causing the discontinuation of THAL therapy in single patients were: Deep vein thrombosis (DVT), cardiac arrhythmia, skin rash and cerebrovascular ischaemia. One patient died from myocardial infarction.
DISCUSSION
Thalidomide, a glutamic acid derivative with antiangiogenic, immunomodulatory and proapoptotic properties, has been recently introduced as a salvage therapy for relapsed or refractory myeloma patients. It has been demonstrated to be highly effective as a single agent, not only in patients resistant to conventional chemotherapy but also in those relapsing after intensive chemotherapy with autologous stem cell transplantation, high-dose steroids or those who had been heavily pretreated (Juliusson et al, 2000) . The results obtained in 234 patients, one of the largest reported groups of resistant or relapsed MM patients treated with THAL, as well as the results reported by several other authors, are presented in Table 3 .
The objective of our study was to identify the prognostic factors for long-term response (longer than 18 months), and the EFS and OS among clinical and laboratory parameters estimated before the start of THAL therapy.
b2M is a well-established prognostic factor in MM patients. A high serum b2M is a predictor of poor survival in patients treated with conventional chemotherapy (Rajkumar and Greipp, 1999) . There is excellent correlation between serum b2M levels and myeloma tumour burden. It was shown that b2M was Long-term response to THAL in MM patients I Hus et al an independent predictor of both OS and EFS after transplantation for MM. A statistical analysis of this study showed the lowest b2M serum level in patients with a response to THAL lasting more than 18 months, and the highest level in the nonresponders' group. This difference was statistically significant. The b2M serum level in patients with a response to THAL lasting between 3 and 18 months was higher than in patients with a long-term response, but this difference was not significant. So, in this study b2M was not a predictor of long-term response.
Another important laboratory parameter identified as a poor prognostic factor in MM patients is lactate dehydrogenase (LDH) serum activity. Elevated LDH concentration has been associated with an aggressive MM phenotype (Fonseca et al, 2001 ) and patients with a high LDH level have a shorter survival rate. We found that the LDH serum level was significantly higher in the nonresponding patients than in the responding ones. However, the mean level was similar in responding patients (group B and C) independent of the duration of response. The analysis of survival also showed a significant negative correlation between the OS and the LDH serum level in patients with a long response to THAL.
Of the parameters used in the Durie -Salmon staging system, only haemoglobin concentration was significantly higher in patients with a long-term response as compared to the nonresponding patients. In the nonresponders' group, low haemoglobin concentration correlates with the highest percentage of patients with the III clinical stage according to Durie -Salmon, as compared to the group of patients with a long-term response to THAL (77.5 vs 63%).
The albumin serum level, although not incorporated into the Durie -Salmon staging system, is also considered to be an important prognostic factor in MM. The albumin serum level was the highest in patients with a long-term response compared to the other groups, and the differences were statistically significant. In this study, the serum albumin level was the only one parameter distinguishing the group of patients with a long-term response to THAL treatment from the whole responding group (P ¼ 0.02). Moreover, in a multivariate analysis, a serum albumin level o 35 g dl À1 influenced the EFS and OS in the entire patient group. An especially interesting case among our MM patients treated with THAL was the patient with an extremly long-term response to THAL therapy, achieved despite unfavourable prognostic factors at presentation, such as high serum b2M level, -13q deletion and MDR-1 gene expression. The patient did not respond to primary chemotherapy. It should be stressed that his serum albumin level was normal and the patient was succesfully treated with THAL for 36 months. Now, 14 months after THAL cessation, he is still in complete remission receiving no specific treatment. Moreover in this patient, THAL treatment resulted in the overcoming of the MDR (multidrug resistance) phenomenon.
The evaluation of baseline prognostic parameters predicting the response to THAL treatment, and the OS and EFS in refractory and relapsed MM patients was performed in previous studies by other authors. However, the patient groups were much less numerous and the observation period shorter.
In the first reported trial of THAL in patients with refractory myeloma, Singhal et al (1999) reported increased LDH levels, plasma-cell-labelling index (PCLI) and CRP levels as the predictors of a brief period of EFS, whereas low albumin levels, deletion of chromosome 13 and high numbers of plasma cells in BM were associated with relatively short OS. Barlogie et al (2001a,b) found elevated CRP (47 mg l À1 ), b2M levels (43 mg l À1 ), high PCLI (40.5%) and abnormal cytogenetics (deletion 13) to be a unfavourable prognostic factors for initial response to THAL and for EFS and OS in 169 MM patients treated with THAL.
Yakoub-Agha et al (2002) reported that pre-THAL features associated with a poor chance of OS and EFS included an IgA isotype, a platelet count o80 G/L and a serum albumin level o3 g l À1 .
In the prospective study of advanced MM treated with THAL, Grosbois et al (2003) found that the best factors for a good response were the status at inclusion (refractory or relapsed), a b2M level and platelet count. A multivariate analysis of the OS of relapsed or refractory MM patients demonstrated that advanced age (exceeding 65 years) raised the serum level of LDH and also the concentration of creatinine predicted inferior outcomes (Mileshkin et al, 2003) . Since an antiangiogenic effect is postulated as one of the most important mechanisms of THAL action pretreatment, angiogenesis was evaluated as a predictor of response. Cheng et al (1999) found that a high pretreatment microvessel density (MVD) predicted a poor response to THAL therapy, but this needs confirmation in a larger study. Neben et al (2001) reported that high plasma bFGF concentration is associated with a better response to THAL in progressive MM. Dmoszynska et al (2001 Dmoszynska et al ( , 2002 found that the major response to THAL was observed in patients with the highest VEGF pretreatment level compared to patients with a minor response.
As for now, there are no generally approved factors predicting the response to THAL in MM patients. The most often postulated ones are PCLI, abnormal cytogenetics, b2M and CRP. Since PCLI and cytogenetics are usually not available in the standard practice setting outside of specialised centres, b2M and CRP have an independent prognostic importance for survival. The results of our study confirm the results obtained by Singhal et al (1999) and Yakoub-Agha et al (2002) that the albumin serum level is a useful parameter, determining the response to THAL treatment.
In previous studies, the synergistic effect of THAL and Dex, as well as the prevalence of the combined treatment over monotherapy was shown (Cavenagh and Oakervee, 2003) . The response rate to THAL þ Dex in previously treated MM patients was up to 48% (Cavenagh and Oakervee, 2003; Anagnostopoulos et al, 2003) . A higher response rate (64%) was observed only in newly diagnosed or untreated patients (Rajkumar et al, 2002) . Weber et al (1999) achieved a response for THAL þ Dex in 35% of patients previously resistant to THAL or Dex alone. In our study, the combined treatment of THAL þ Dex had an increased response rate of 59.3% compared to THAL alone (55.1%). Although the number of patients on the combinated treatment or on THAL alone was similar in all the groups, the addition of Dex did not influence the duration of the response.
Several authors postulated a dependence between a cumulative dose of THAL administrated during the first 3 months of treatment and the clinical outcome. Barlogie et al (2001a,b) evaluating patients treated with doses from 200 to 800 mg daily demonstrated that patients receiving a cumulative dose of more than 42 g of THAL in 3 had a higher rate of response (54 vs 21%) and a 2-year survival rate (63 vs 45%). Neben et al (2002) noted that after 18 months of THAL treatment, patients tolerating the maximum THAL dose of 400 mg daily (a cumulative 3-month THAL dose of 31.8 g) had a predicted PFS and OS 15-20% higher when compared with patients with a dose of 200-400 mg (a cumulative 3-month THAL dose of 19.8 g). Other data show that responses lasting 15 months could be achieved with doses as low as 50 mg daily (Lee, 2002; Leleu et al, 2002) .
In this study, in 3 months from the start of therapy, 85% of patients reached the dose of 400 mg daily (a cumulative dose of 34.4 g). This medium dose of THAL was effective in 129 patients (55.1%), and in 64 patients (29%) a long-term response was obtained lasting more than 18 months. It would be reasonable to reduce the drug dose to the lowest level that would still be effective. Unfortunately, the question of the minimal effective THAL dosage is still unresolved.
Although higher doses of THAL may be associated with a higher response rate, they may also be associated with a higher incidence of side effects and the discontinuation of therapy.
In doses of up to 400 mg daily, THAL is generally well tolerated. The most common side effects of the therapy are sedation, fatigue and constipation. They are generally mild and in these doses rarely lead to the discontinuation of treatment. A major potential adverse reaction connected with THAL is peripheral neuropathy, which can be irreversible. This generally occurs following a chronic use of THAL over a period of a month although reports regarding a relatively short-term use also exist. The correlation with the cumulative dose is unclear.
In this study, the incidence of polineuropathy was similar in groups of patients responding to THAL longer (group C) or shorter than 18 months (group B). In the majority of cases, it revealed itself within 12 months of therapy.
Neuropathy grade 3 according to WHO causing the discontinuation of therapy was observed in seven patients during the first 12 months of THAL treatment. Other serious side effects that may occur during THAL therapy are deep vein thrombosis (DVT) and CNS vascular ischaemia. The frequency of DVT and CNS vascular ischaemia was similar before (two patients, two patients, respectively) and after (one patient, two patients, respectively) 18 months of THAL therapy, respectively. Generally, long-term THAL therapy was safe and well tolerated.
The conclusion based on our results is that THAL as a single agent is effective in refractory and relapsed MM patients and that of various established MM prognostic factors, the pretreatment serum albumin level identified the group of patients with a longterm response to THAL therapy.
Taking into account the above conclusion, in the case of patients with a low pretreatment serum albumin level a decision concerning SCT should be considered immediately after achieving a response to THAL. It has been confirmed by many study groups that THAL as a single agent (Dmoszynska et al, 2000; Patriarca et al, 2003) or combined with VAD (Ahmad et al, 2002; Pitini et al, 2003) could be a suitable bridging regimen to PBSC collection and autologous SCT for VAD-refractory MM patients. Moreover, Ghobrial et al (2003) showed that THAL does not substantionally affect peripheral blood mobilisation or engraftment, which is in line with our observation. For patients with low pretreatment level, other therapeutical options, such as a combination of THAL with chemotherapy or bortezomid, should be considered since such options can significantly increase the response rate. Total response rate to THAL combined with cyclophosphamide and Dex was 83 % (Garcia-Sanz et al, 2004) . Other succesful combined regimens are T-VADdoxil (74%) (Zervas et al, 2004) , THAL -melphalan (80%) (Offidani et al, 2003) .
The majority of patients in our study responded to a medium dose of 400 mg. The long-term response rate was 50% of all patients responding to THAL therapy, and it was well tolerated by the majority of patients even in long-term therapy.
The efficiency of THAL and other new immunomodulatory drugs have opened up a new era in MM therapy. There is no doubt that THAL is the most active single agent used in relapsed or refractory MM patients in the last decade. In summarising this long-term observation, we can conclude that THAL is a relatively safe drug, which can be administered over a long period of time, offering many patients a longer life.
